We study the interaction of a two-level atom with two lasers of different frequencies and amplitudes: a strong laser of Rabi frequency 2⍀ 1 on resonance with the atomic transition, and a weaker laser detuned by subharmonics (2⍀ 1 /n) of the Rabi frequency of the first. We find that under these conditions the second laser couples the dressed states created by the first in an n-photon process, resulting in ''doubly dressed'' states and in a ''multiphoton ac Stark'' effect. We calculate the eigenstates of the doubly dressed atom and their energies, and illustrate the role of this multiphoton ac Stark effect in its fluorescence, absorption, and Autler-Townes spectra. ͓S1050-2947͑98͒07607-0͔
I. INTRODUCTION
The interaction of a two-level atom with an intense, nearly resonant laser field is of fundamental interest in atomic spectroscopy and quantum optics and has been studied extensively for over 25 years. Early interest focused on the atom driven by an intense monochromatic field and the resulting ''dressed'' system probed by a weak field. Fluorescence by the system was first predicted ͓1͔ and then observed ͓2͔, as was the absorption and dispersion by the entangled atomϩdriving field system of a weak probe field nearly resonant with either the driven transition ͓3͔ or the transition from a driven level to a third atomic level ͑Autler-Townes effect͒ ͓4͔.
Another area of interest involves the atomic response to amplitude-modulated ͑AM͒ and bichromatic driving fields. A 100% amplitude-modulated field is equivalent to a bichromatic field whose ͑mutually coherent͒ components have equal intensities, and whose frequencies are separated by twice the modulation frequency. Various aspects of this problem have been studied. For example, the fluorescence spectrum of an atom driven by a bichromatic field of equal amplitudes ͑Rabi frequencies͒ was observed ͓5͔ and interpreted using a dressed-atom analysis ͓6͔. Since then a wide variety of studies have been performed on the fluorescence, near-resonant absorption, and Autler-Townes absorption of bichromatically driven atoms for both equal ͓7͔ and unequal ͓8͔ Rabi frequencies, and for average driving field frequency both tuned to and detuned from the atomic resonance ͓9,10͔.
Much attention has focused, in these studies, on the appearance of the ''subharmonic resonances'' displayed by the absorption spectrum of a strong probe beam monitoring a strongly driven two-level system ͓10-13͔. The experimental data collected to date relating to the subharmonic absorption maxima of the strong probe also correspond to a study of the maxima of the integrated intensity of fluorescence by the atom when one component of the driving field ͑the ''pump''͒ is fixed in its frequency and intensity, while the frequency and/or intensity of the second component ͑the ''probe''͒ is varied. The connection of these subharmonic resonances with multiphoton gain has also been explored ͓14͔, and a two-photon optical lasing has been observed ͓15͔. However, a ''strong probe'' is an intense field that itself alters the characteristics of the system it is supposed to be probing. Based on this observation, we therefore consider this system from the point of view that both laser fields ''dress'' the atom and analyze the energy states of the resulting system. We will show that the system is both in principle and in practice more profitably regarded in the context of this bichromatic excitation.
In the studies of resonance fluorescence from two-or three-level atoms under bichromatic excitation, both driving fields couple to the same atomic transition. In the related studies of multilevel atoms driven by n coherent laser fields each of the fields couples to only one of the n possible onephoton transitions ͓16͔; in this latter case a multiphoton absorption is possible, but the driving fields can lead to only a ''one-photon ac Stark effect.'' In this paper we study a system in which two fields drive the same atomic one-photon transition, yet nevertheless the second field can couple to multiphoton resonances between dressed states of the first field. We find a new physical phenomenon: the splitting of the dressed states is due to an n-photon coupling between them, i.e., it represents an n-photon ac Stark effect. We present the fundamental dynamics of this system by examining the fluorescence spectrum, as well as the weak probe absorption and Autler-Townes spectra. We focus on the driving of the singly dressed system by a laser field tuned to the subharmonic resonances, and use the dressed-atom model both to explain the physical origin of novel spectral effects and to demonstrate that far more detailed information is in fact obtainable by suitable probing. The calculated fluorescence, probe absorption, and Autler-Townes spectra are extremely rich in detail, containing multiplets at the subharmonic as well as harmonic resonance frequencies with an intricate dependence on the order n of the resonance and on the relative Rabi frequencies of the driving field components.
In principle it is possible to write down and numerically solve the master equation or the Bloch equations of the system including all of these effects; this does not, however, lead to a physical understanding of the problem. In order to gain insight into the dynamics of the system, we use the ''dressed atom'' model for our bichromatically driven atom ͓19͔. The energy levels of the entangled system of atomϩdriving fields ͑i.e., the doubly dressed atom͒ are calculated first in Secs. II and III. Resonance fluorescence appears in this picture as a spontaneous emission cascade by the dressed atom down its ladder of energy manifolds. The absorption spectrum is interpreted as the net difference between absorption and stimulated emission of a weak, quasiresonant probe between the manifold sublevels, while the Autler-Townes spectrum reflects the net absorption from the manifold sublevels of a weak probe tuned to a third atomic level. These spectra are calculated in Sec. IV. In Sec. V we briefly discuss the multiphoton Stark effect that occurs when the strong field is detuned and the weaker field is on resonance. In Sec. VI we summarize our results, in Appendix A present details of the perturbation calculations involved in the determination of the dressed states, and in Appendix B tabulate the transition rates which govern the intensities of the spectral components.
II. THE SYSTEM
We consider a two-level atom with ground state ͉g͘ and excited state ͉e͘ separated by a transition frequency 0 and connected by a transition dipole moment ជ . The atom is driven by a bichromatic field with frequency components 1 and 2 and corresponding ͑on resonance͒ Rabi frequencies 2⍀ 1 and 2⍀ 2 . The atom is also coupled to all other modes of the electromagnetic field, which are assumed to be initially in their vacuum states. This coupling leads to spontaneous emission with a rate ⌫.
The time evolution of the atomic system can be described by the reduced atomic density operator , which in the Schrödinger picture obeys the master equation (បϭ1) ͓20͔
where S ϩ (S Ϫ )ϭ͉e͗͘g͉ (͉g͗͘e͉) is the usual atomic raising ͑lowering͒ operator. The Hamiltonian H is composed of five terms,
where
is the Hamiltonian of the atom, and
are the Hamiltonians of the driving field components. In Eqs. ͑3͒ and ͑4͒, S z ϭ 1 2 (͉e͗͘e͉Ϫ͉g͗͘g͉) is the atomic inversion, and a i (a i † ) are the annihilation ͑creation͒ operators for the driving field modes. The terms
where g i are the atom-field coupling constants, describe the interaction of the laser fields with the atom ͑in the rotatingwave approximation͒. We begin by diagonalizing the Hamiltonian H to find the eigenstates ͑dressed states͒ of the combined atomϩdriving fields system. This approach is valid for 1 , 2 ӷ⍀ 1 , ⍀ 2 Ͼ⌫. ͑6͒
We consider only the case of ⍀ 2 ϭ␣⍀ 1 with ␣Ͻ1, and we examine the effect of the second field perturbatively. Moreover, we limit our calculations to the case in which the first field is on resonance with the atomic transition, 1 ϭ 0 , and the second field is detuned from resonance by an integer fraction of the first field's Rabi frequency, so that
This corresponds to driving the system by the second field at one of the ''subharmonic resonances'' of the Rabi frequency of the first field. are the singly dressed states, and N is the number of photons in the resonant mode ͓19͔. The singly dressed states form a ladder of doublets, as shown in Fig. 1͑a͒ , with adjacent doublets separated by 0 , and intradoublet splitting 2⍀ 1 . Next, we add the second field and find that the eigenstates of the combined system H da ϩH 2 are degenerate doublets:
with energies 1 In the derivation of Eq. ͑8͒, we have ignored the variation of ⍀ 1 with N, on the basis that the resonant laser is in a large amplitude coherent state with an average number of photons ͗N͘ӷ1.
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where M is the number of photons in the detuned mode 2. This degeneracy is due to an n-photon coupling between singly dressed states, as indicated for nϭ2 by arrows in Fig.  1͑a͒ . Thus, to this point, the energy structure of the system consists of an infinite number of manifolds ͑separated by 0 ͒, each containing an infinite number of degenerate doublets ͑separated by 2⍀ 1 /n͒, as shown in Fig. 1͑b͒ .
III. THE DOUBLY DRESSED STATES AND ENERGY SPLITTINGS
The addition of the interaction V 2 between the atom and field mode 2 removes the degeneracy between the states ͉a m n ͘ and ͉b m n ͘ and results in ''doubly dressed'' states. In order to show this, we diagonalize the Hamiltonian HϭH da ϩH 2 ϩV 2 in the basis of the degenerate states ͉a m n ͘ and ͉b m n ͘. We perform the diagonalization using perturbation theory, and find that for nϭ2,3, . . . it is necessary to go to second-order degenerate perturbation theory to achieve this. This is due to the fact that the matrix elements ͗␣͉V 2 ͉␤͘ (␣,␤ϭa,b) are zero, and the first nonvanishing perturbation calculations therefore involve diagonalization of the operator
on the two-dimensional degenerate subspace ͕͉a͘,͉b͖͘.
The details of the perturbation calculations are shown in Appendix A. After lengthy calculations, we find that the eigenstates of H are composed of nondegenerate doublets with splitting 2⌬E n ͓as shown in Fig. 1͑c͔͒ , where ⌬E n , for nϭ2, 3, and 4, are given by the series expansions
The corresponding eigenstates ͑the doubly dressed states͒, calculated as a perturbation expansion in ␣, are given by the following: nϭ2:
nϭ3:
͑a͒ Energy levels of the singly dressed atom. Absorption of two laser 2 photons of frequency 2 ϭ 0 ϩ⍀ 1 , corresponding to the case of nϭ2, is indicated by the arrows. ͑b͒ Energy levels of the singly dressed atom and laser 2 before the interaction between them is ''turned on.'' The energy manifolds each contain an infinite number of degenerate doublets with interdoublet separation ⍀ 1 . ͑c͒ Addition of the interaction with laser 2 removes the degeneracy and leads to the splitting of the degenerate levels into doublets with an intradoublet separation 2⌬E 2 .
͉͑NϩM ͒mϩ͘ϭN 3 ͭ ͉a͘ϩ 3 4 ␣ ͫ 
where ϭϪ2/3Ϫͱ13/3, and N 2 ϭ͓(1ϩ
2 )] Ϫ1/2 are the normalization constants, and, for simplicity, we have introduced the notation ͉a i ͘ϵ͉a mϩi n ͘, ͉b i ͘ϵ͉b mϩi n ͘ for i 0 and ͉a 0 ͘ϭ͉a͘, ͉b 0 ͘ϭ͉b͘.
We note the interesting effect that the perturbation V 2 lifts the degeneracy between the ͉a͘ and ͉b͘ states for all nу2; however, a mixture of these states to zeroth order in ␣ does not occur for nϾ2. To understand this we refer to the operator R 1 , whose diagonal elements represent the shift of the degenerate states due to their coupling, through V 2 , with other states of the manifold. Since ͗a͉R 1 ͉a͘ϭϪ͗b͉R 1 ͉b͘ 0 for all n, the states are always shifted in opposite directions, which lifts the degeneracy at second order. The offdiagonal elements of R 1 represent a coupling between the degenerate states through the other states of the manifold. It is not difficult to show that for nϾ2 these off-diagonal elements are zero; hence the matrix representation of R 1 is diagonal and no superposition of the states occurs until order ␣ nϪ2 . The splittings ⌬E n are plotted in Fig. 2 as a function of ␣. Clearly for small ␣ the splittings exhibit a quadratic dependence on ␣, and decrease with increasing n. Moreover for ␣Ͻ0.1 the splittings for nϭ3 and 4 are almost exactly equal. This is a consequence again of the fact that for nу3 the states ͉a͘ and ͉b͘ do not couple to each other through R 1 , which results in the leading term of the expansion for ⌬E n rapidly approaching 1 4 ⍀ 1 ␣ 2 for large n. Thus as n increases, the small ␣ behavior of the splittings becomes almost identical.
IV. THE FLUORESCENCE, WEAK PROBE, AND AUTLER-TOWNES ABSORPTION AND DISPERSION SPECTRA

A. Spectral frequencies and transition rates
The interaction between the atom and the vacuum modes of the electromagnetic field leads to a spontaneous emission cascade down the energy manifold ladder of the dressed atom. Transitions occur between any pair of dressed states with a probability proportional to the absolute square of the dipole transition moment connecting them. Using the dressed states ͑15͒-͑17͒ we find that the transitions from
The n-photon energy splitting ⌬E n /⍀ 1 , plotted as a function of ␣ for nϭ2 ͑solid line͒, nϭ3 ͑dashed line͒, and nϭ4 ͑dashed-dotted line͒.
indicating that the fluorescence spectrum will consist of a series of triplets with intratriplet spacing 2⌬E n centered at integer multiples of 2⍀ 1 /n, i.e., at both subharmonics and superharmonics of the strong field Rabi frequency. Nonzero transition probabilities occur only between states within neighboring manifolds. The relevant transition rates are therefore of the form
These transition rates ͑normalized to ⌫, as are all relevant results presented henceforth͒ are presented explicitly in Appendix B. In order to show the first nonvanishing terms in the transition rates, the calculations for nϭ2 are presented correct to order ␣ 2 , whereas for nϭ3,4 they are presented correct to order ␣ 4 .
B. Populations of the dressed states
We use the master equation ͑1͒ to find the time evolution of the populations of the doubly dressed states and of the coherences between them. To study the populations, we project the master equation onto ͉(NϩM )mϮ͘ on the right and ͗(NϩM )mϮ͉ on the left. We make the secular approximation in which we ignore couplings between populations and coherences and introduce the ''reduced populations'' ͓19͔
͑21͒
Because N,M ӷ1 we can also assume that the populations vary very slowly with m, and so
The population equations then reduce to a pair of coupled equations
where the dot denotes differentiation with respect to ⌫t, and the coefficients A Ϯ are given by the following: For nϭ2:
͑24͒
For nϭ3:
For nϭ4:
The equations ͑23͒ have steady state solutions
which yield explicitly the following: For nϭ2:
In the case of resonant monochromatic excitation, the dressed states are equally populated ͑in the secular approximation͒. However, the atom still exhibits weak emissive and absorptive properties that arise from multiphoton processes ͓17,18͔. In the case of bichromatic driving, however, the populations ⌸ ss Ϯ depend on ␣ and are unequal even within the secular approximation. This results in first-order absorption and emission at all sideband frequencies, with central components that still vanish, because they correspond to ϩ⇔ϩ and Ϫ⇔Ϫ transitions ͑which involve equal upper and lower state populations͒. The difference between the populations depends intricately upon the strength of the second laser and decreases with increasing n, indicating a decreasing efficiency of the second laser. The effective Rabi frequency of the second laser decreases with increasing n, as the laser drives the higher-order resonances.
C. Coherences and spectral linewidths
All spectra of the system are related to the time evolution of the atomic dipole moment operator S ϩ given by
where S l⑀,m ϩ ϭ͗(NϩM )l⑀͉S ϩ ͉(NϩM Ϫ1)m͘, and
The matrix elements of the off diagonal operators ͑32͒ represent coherences between the dressed states, and these oscillate at frequencies ͑18͒ and ͑19͒. First, we consider transitions at the frequencies of the sidebands of each triplet ͑19͒. For values of ⍀ 1 and ⍀ 2 corresponding to the range ͑6͒, it is easily verified that the spectral lines are all nonoverlapping. The equations of motion of the corresponding density matrix elements are therefore uncoupled and from the master equation ͑1͒ we find that they are given by For nϭ3:
Next we consider the transitions at the central component of each triplet. In this case the two matrix elements lϩ,mϩ,N,M
and lϪ,mϪ,N,M (ϩ) oscillate at the same frequency ͑18͒, and therefore have coupled equations of motion. When we average over the driving field, the reduced coherences lϮ,mϮ
are found to obey the same coupled equations of motion as do the populations ⌸ Ϯ , with the addition in each of the freely oscillating terms
, given by 
͑37͒
where the constants u 1 and u 2 can be found from initial conditions. We do not, however, require the values of u 1 and u 2 in order to calculate the spectra and therefore do not solve for them. The first term in Eq. ͑37͒ corresponds to the elastic components, while the second term corresponds to the inelastic central components at frequencies lϪm ϮϮ with linewidth given by
For all n we find ⌫ c ϭ2(1Ϫ⌫ s ). We see from Eqs. ͑34͒ and ͑38͒ that the spectral linewidths depend on ␣ such that the linewidths of the sideband components of the triplets decrease with increasing n, whereas the linewidths of the central components increase with increasing n.
D. Fluorescence spectrum
The fluorescence spectrum is given by the real part of the Fourier transform of the correlation function of the dipolemoment operator ͗p (ϩ) (t)p (Ϫ) (tЈ)͘, tϾtЈ. From the quantum regression theorem ͓24͔, it is well known that for tϾtЈ the two-time average ͗p l⑀,m 
where ⌫ lϪm ⑀ are the transition rates given by Eqs. ͑B1͒-͑B3͒, and ⌸ ss ⑀ are the steady-state populations of the dressed states given by Eq. ͑28͒. The equations of motion for the one-time averages ͗p l⑀,m (ϩ) (t)͘ were obtained in Sec. IV C. Thus, in the limit of large ⍀ 2 (⍀ 2 Ͼ⌫), where the spectral lines do not overlap, the fluorescence spectrum ͑apart from geometrical and atomic factors͒ is given by
͑40͒
where the sum over j indicates a sum over the nonvanishing transitions as given by Eqs. ͑B1͒-͑B3͒. In Fig. 3 we plot this analytical expression for the fluorescence spectrum for nϭ2, 3, and 4. 2 The arrow in the diagram indicates the frequency of the second field. It is seen that for all n the spectrum consists of a series of triplets with intertriplet spacing 2⍀ 1 /n and intratriplet spacing 2⌬E n . With increasing n, the number of triplets increases while the splitting of each triplet decreases. The structure of the spectrum reveals the presence of both the multiphoton transitions ͑in the appearance of the subharmonic and harmonic features͒ and the multiphoton ac Stark effect ͑in the intratriplet splitting͒.
E. Weak probe nearly resonant with 0 : absorption and dispersion
It is interesting to consider as well the absorption and dispersion of a weak beam probing the doubly dressed atom. Since the dressed states are unequally populated, the absorption spectrum can give information about population inversions between the dressed states. The absorption and disper- 2 We note here that we have solved the master equation ͑1͒ numerically and have found that in order to get excellent agreement between the numerical and the present analytical results, we have to extend the dressed atom calculations to order ␣ 6 . Therefore, all the spectra plotted here include the populations and transition rates correct to ␣ 6 .
sion profiles of a weak probe beam of frequency p are given by the real and imaginary parts, respectively, of the 
Thus, it is straightforward to show that in the case of nonoverlapping spectral components the absorption spectrum of a probe beam nearly resonant with the atomic transition frequency is given by
and the dispersion profile by
The expressions ͑42͒ and ͑43͒ are plotted respectively in Figs. 4 and 5. They contain features at the same frequencies and with the same linewidths as their counterparts in S(), but with widely differing intensities depending on ␣. As the calculations have been made within the secular approximation, there are no ͑small͒ central features in the components of the absorption spectra. Therefore the absorption spectrum and the dispersion profile are composed of doublets centered at the frequencies j Ϯϯ . In each doublet of the absorption spectrum one sideband is absorbing and the other amplifying depending on the difference in steady-state populations of the lower and upper levels of the transition. It is interesting to note from Fig. 4 that with increasing n the maximum of amplification and absorption shifts from the central doublet to the Rabi sidebands. The same occurs with the dispersion, as seen in Fig. 5 . Moreover, as n increases the red features become exclusively emissive whereas the blue features become only absorptive. The amplification at frequencies smaller than 0 is relatively large compared to the absorption at frequencies greater than 0 , in contrast with the monochromatic case, where the amplification at one of the sidebands is always small compared to the absorption at the other sideband ͓3͔.
The dispersion, shown in Fig. 5 , also exhibits interesting modifications. For example, in the region between the central doublet there is a strong negative dispersion with minimal absorption. For nϭ2, this effect is also seen in all harmonic and subharmonic doublets. With increasing n the negative dispersion decreases in the harmonic and subharmonic doublets whereas the central structure is remarkably stable against variation in n.
It should be emphasized here that this system may prove useful in the production of optical materials having a large index of refraction accompanied by vanishing absorption ͓25͔. An advantage of this system is that near the central frequency, where the absorption vanishes, both the absorption and dispersion change slowly with frequency. Therefore, our system is a convenient candidate for this experimental application, since it does not require a precise matching of the probe beam frequency to the point of vanishing absorption. 
F. Autler-Townes absorption and dispersion profiles
The structure and properties of the doubly dressed atom can also be studied by monitoring the system with a weak probe beam coupled to a third ͑bare͒ atomic state. We assume that a third atomic level ͉c͘ is connected to ͉g͘ with a nonzero dipole moment, and with a transition frequency c much different from 0 . The transition is monitored by a weak probe beam of frequency 3 tuned close to c . The intensity of the features corresponding to absorption from the dressed state ͉(NϩM )mϮ͘ is proportional to the product of the steady-state population ⌸ ss Ϯ and the transition rate from
where ⌫ 3 is the natural width of level ͉c͘. These quantities are readily evaluated using the dressed states ͑15͒-͑17͒ and are listed ͑normalized to ⌫ 3 ͒ in Appendix B. The frequencies at which the absorption occurs from ͉(NϩM )mϮ͘ to ͉c,N,M ͘ are given by
while the linewidths are given by FIG. 4 . The near-resonance absorption spectrum for the same parameters as in Fig. 3. ͑a͒ nϭ2, ͑b͒ nϭ3, ͑c͒ nϭ4. FIG. 5. The near-resonance dispersion profile for the same parameters as in Fig. 3 . ͑a͒ nϭ2, ͑b͒ nϭ3, ͑c͒ nϭ4.
Accordingly, the Autler-Townes absorption spectrum can be written as
and the corresponding dispersion profile is
͑48͒
In Figs. 6 and 7 we plot the Autler-Townes absorption and dispersion spectra, respectively, for the same parameters as in Fig. 3 . Each consists of a series of doublets, located at frequencies 2m⍀ 1 /n, where mϭ0,Ϯ1,Ϯ2, . . . for n even and mϭϮ 1 2 ,Ϯ 3 2 ,Ϯ 5 2 , . . . for n odd. The intradoublet separation is 2⌬E n . The most intense doublets are those centered at the frequencies c Ϯ⍀ 1 , which correspond to the AutlerTownes frequencies of a monochromatically driven atom. The width of all lines is ⌫ a , and once again an intricate dependence of the peak intensities on ␣ is evident. Care must be taken when comparing the transition rates ͑B4͒ with the doublets in Fig. 6 . The transition rates ⌳ 0 Ϯ correspond to the sideband doublet at 3 ϭ c ϩ⍀ 1 , not to the central one, whereas ⌳ i Ϯ corresponds to the ith doublet to the left ͑right͒ of this intense doublet if i is positive ͑negative͒.
V. ␣>1: STRONGER FIELD DETUNED, WEAKER ON RESONANCE
In this section, we consider briefly a role reversal of the driving fields, with the stronger detuned from 0 by an amount ⌬, and the weaker field on resonance:
The atom can then be viewed as interacting first with the dominant field ͑of frequency 2 ͒, with an effective Rabi frequency 2G 2 ϭͱ⌬ 2 ϩ4⍀ 2 2 . ͑51͒
Whenever the detuning ⌬ is such that 1 lies at a subharmonic resonance of 2G 2 (⌬ϭ2G 2 /n), or alternatively, whenever the detuning and resonant Rabi frequency of field 2 are related by the equation
a multiphoton ac Stark effect again results. All the features described in the previous sections for ␣Ͻ1 again appear, but centered in this case at frequencies 2 and 2 Ϯ j(2G 2 /n).
VI. CONCLUSIONS
We have studied the effect of bichromatic excitation on the radiative and absorptive properties of a two-level atom under the condition that one of the excitation fields is strong and exactly resonant with the atomic transition, while the other is weaker and detuned by a subharmonic of the Rabi frequency of the strong field. The energy levels of this system have been found and the radiative and absorptive properties interpreted in terms of the transitions between them. We have shown that this system, despite the one-photon coupling between the atom and driving fields, exhibits a multiphoton ac Stark effect. As such the fluorescence, absorption FIG. 6 . The Autler-Townes absorption spectrum for the same parameters as in Fig. 3 and natural linewidth of the third level ⌫ 3 ϭ⌫/3. ͑a͒ nϭ2, ͑b͒ nϭ3, ͑c͒ nϭ4.
and Autler-Townes spectra exhibit spectral features at subharmonics as well as harmonics of the Rabi frequency of the strong field, with the number of features dependent on the order n of the resonance. The presence of the multiphoton ac Stark effect leads to a splitting of each of the features of the fluorescence and near resonance absorption spectra into a triplet, and of the Autler-Townes spectrum into a doublet.
Finally, we would like to point out that the multiphoton splitting and the Autler-Townes spectra, of a system similar to that considered here, have recently been observed experimentally ͓23͔ and our theoretical predictions agree with these observations.
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APPENDIX A: PERTURBATION THEORY FOR TWO DEGENERATE LEVELS
We consider a general perturbation V of a Hamiltonian H 0 whose eigenvalues E 1 ,E 2 , . . . and eigenstates ͉1͘,͉2͘, . . . are known. In particular we consider the case when two of the unperturbed eigenstates ͉a͘ and ͉b͘ are degenerate with energy E a ϵE b . In the standard manner we assume that the perturbed eigenstates and energies can be expanded as a power series in of the form
that the wave function correct to zero order is given by
and that the mth order correction to the wave function can be written as
The inclusion of the states ͉a͘ and ͉b͘ in the higher order corrections is often omitted in treatments of perturbation theory, but in fact is found to be critical to a correct calculation of the n-photon dynamic Stark effect discussed in this paper. By substitution of these expressions into the Schrödinger equation, we set up a series of matrix equations of the form
The Autler-Townes dispersion profile for the same parameters as in Fig. 3 We can systematically solve the equations ͑A5͒-͑A7͒. However, in the problem investigated in this paper we have V aa ϭV ab ϭV ba ϭV bb ϵ0 and thus G 0 ϭ0. Hence the first order energy corrections are zero (E (1) ϭ0), and we must use Eq. ͑A6͒ to determine the correct zero-order eigenstates and the energy corrections E (2) . Equation ͑A6͒ is now a twodimensional eigenvalue equation whose eigenvectors C Ϯ (0) and eigenvalues E Ϯ (2) give the dressed states correct to zeroorder and second-order energy corrections, respectively. Having found and normalized the eigenvectors C Ϯ (0) , we proceed to solve Eq. ͑A7͒.
Because the matrices G m are Hermitian, we know that the eigenvectors C Ϯ (0) are orthogonal and that they span the twodimensional vector space. Therefore, we can write the vector 0) . Substituting this back into Eq. ͑A7͒
and multiplying on the left first by C ϩ (0) † , then by C Ϫ (0) † , we find
The coefficient f ϩ ϩ is found to be arbitrary, and we choose f ϩ ϩ ϭ0 in order to follow the orthogonality convention that
The previous derivation is symmetric and we can simply interchange plus and minus signs to obtain expressions for E Ϫ (3) and f Ϫ ϩ . The process can be continued to next order by taking C ϩ (2) ϭg ϩ ϩ C ϩ (0) ϩg ϩ Ϫ C Ϫ (0) , and so on. In this manner the energy corrections and coefficients of the degenerate states C a (n) ,C b (n) can be found to any accuracy required. The coefficients of the other states that contribute to the eigenvector corrections are found in the usual way, and given by
where we point out that the first sum includes the states ͉a͘,͉b͘.
